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9X^. m ^12 ^^S]^ 71^51 >a-7l .^111 '^•^ ^ >*112 ^ 

5^1- >^7l ^12 '=g^^ TflojE e^-ois. ^ 7]:^ 

<=>fl #a1ll#ol ^^^^^C]-. Z^- ^^1- ^Ji\^S] ^^^^ ^BiZLSf 

^11 aflA] ^ ^oil ^^^o] ^>^^^c].. ^12 >5lll 

o] ^7mB.S. «!-§- Jl^^"?! ^VS^l ^ ^t:]-. 
£ 2 
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device having capacitor-under-bit 1 ine structure and method of manufacturing the same 
^^tt ^^^] 

£ 1^ f^efl^ CUB^Sl- EDRAM ^^1^ ^^-S^lcf. 

S. 2^ ^ ^ A] oil oil ^t!: CUB 5.^^ EDRAM ^^l^] ^^^olc^-. 

£ 3a vfl^l H 3f^ ^ >^ll ^Ajd^loi] o^t!- CUB EDRAM ^^1^ 

£ 4a Sl 4dfe ^ ^12 ^Aloj]oll ^tlr CUB EDRAM ^^1^ 

100 : «>3E^1 7]:^ 102 : 

104 : 711 ojE 106 : 7]]o]^ d^n<=>]^^ 

108 : ^slAl-olc^ : SBL sfl^ 

112 : ^^a^ 114a : ^S.e^^l icJE. ^^-fr 

114b : wlSel-^ ^^-fr 114c : 

116a : c^Sel^l i^:^ 116b : HlEg^-oi ^e-ln 

116c : 120 : >^ll 

121a, 121b : 7fl^-^ 122a : 
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122, 122b : afl^i 124 : ^ ^12 %■ 

132 : ^flafl^lBi 134a, 134b : 

134c : ^11 wlo^l- 138a : tilS.e1-«?l 

138b, 138c : ^2 tifl>Jd 

[^'^^ 

tic1-al:Eel-oi(capacitor-under-bitline : ^l^l- "CUB"e1- ^Sl- 
EDRAMCEmbedded DRAM) ^ n ^^jS^J-^ofl 

<19> ^^17> Jl^^^^ofl ItfBl-. *>^51 ^ lfl<MI l=f<y=t!- 71 ^-i-^ <:«^5l 7> 

^2i^ ^^^><^ -^7> 7>^1# ^ SOCCsystem on a chip) 7l#ol 

<20> SOC B^-^^l EMLCembedded memory logic) ^^1^ ^S.^ ^^1^4 S.^) ^^11- 

^ ^^tt € <Hell<=>l "^^^ ^s. -=^^-2-^ ^^^^cf. ^71 ^ cHell 

2) ^S.^] ^^Slo^ ^S^^tbcf. DRAM €<^1M- SRAM ^<^1 EML ^^1^1 

<2i> DRAM ^^l^q- ^oil ^71]b:>^ EDRAM 3.711 S.^ Jl^^J^ 

7<J-2:«>^ S.^ 7lti>o^ ^^^( scheme )3zl- J1^2l5l-7> 7l-^t!: DRAM 7]^S] ^^^o^S. 
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^ID^, 4 ^A>1.^ Al;g-oflAi A^£1^ ^^^4 ^7> -^^ f^^^O.^ JlB^^Vc^ 

^^tb ^^^^ -^d^^V^ 7fl^>^>Ji 9X^. ^^], ^-i: ^3<L>^^<^l^i -f^* ^ 
^^(stack type) ^m^]^] ^-g-^ ^IS^I-^ ^fl^^^l^i^V 

CUB(capaci tor-under-bit line) ^SM- wjee^oi ^ofl 7fl3ijjAlEl7> ^^^3^1^ 

COBCcapaci tor-over-bit line) ^<HlAi cf^l c^^^i 7>^1 ^^S^* Jisl§>c>^ ^^tb ^ 

^^^^ ^^*H<^> 

<22> COB alHg^-Ol n>^ofl :a:;^l^ol 7flaJ|AlE^» ^^^^^ ^A^] 7>^*> 

ji^^s^-oil -B-e^tb S.^ tflti] 8~105l el^nel-sl ^^o] ^ 

7>£l^ €7l-7> >^>^^>^ ^^o] o;^i:^.. o]o]] ^iV^\c^ , ^7] CUB ^7>Al 7] 

^cfloil ^;^l7]- ^0.14 ^zi cflwl 3-55] ^£.31 ej^izisl-jil ^^^o] ^7>5l 

<23> 51^:3.21-2] ^7>s>c«1 ^ JL^ 

©1 EDRAM^ ^ CUB ^2:71- ^S. ^}-%-^JL ^-^^ . 

S.^ ^^s^ MOS S^^l^iB]^ ^7l^ ^■^^o] ^>§S1 <i cl-^(heat budget )<^1 

^* ^o] w]-7i nfl^ofl <g c^-^o] ^^tb-^s. A^s]^ MIM(metal/high dielectric 
insulator /metal) ^flafl^lH^l- ^^11*1-^ ^^1 ^^^'^m-. 

<24> £ 1^ ^2flo^ CUB EDRAM ^^1^1 ^^iE.olrf. 

<25> 3E 1^ ^^i^V'S, € '^^(A)3)- 3.o]/^^S\S./S.^ ^mB)^S. ^^5)^ 

7l:a-(10) 'i^-f m^^l ^;^l-^s1 (shallow trench isolation; STI)s]- 
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<26> o]o]A^^ -f-^vo^ MOS n^«J*><^ 71^(10) ^ofl Tflol^ 

^^), TflojE ^^(14), TllolE ^3J|lol^^(i6) ^ 1:^1: <^^(4i^^/ 
:E.efl<?l <^^, n+/p+ '^^)(£^1^>^1 #^)## ^^^t!:^. ^7] 7\]o]^ ^^(14)^ #b1 

<27> Jl^ ^^^>7l ^^o^ TflolE. ^^(14) ^ 71:^ K^d\] 

olc-llol^ tiV-g.^ .^e^A>ol:c_ ^slAHjE. HlEl-^ ^e|A>ol:E-55l- 

# ^^^^V7l ^el^H^-g- ^oii ^1-71 ^-g-^}xl # 

^, <^]^^ SiON^S ol^^i^ ^elA>olcjlol>a ^^l#(silicidation blocking layer; <^1 
"SBLf^-olel- tbt:l-)(19)^ ^^^t!"^. 
<28> ZLSi cf^, ^V7l MOS M^^liiE^l:^ S.^^ 71^(10)^ ^^<=>\] ^51-1-S ^l^^l^ 

^^f^(20)^ ^^^^Vji e^rinel-sl ^^^S. ^7] ^ ^^^}<^ ^ 

<=H511<^1 '=g^(A)Sl ^Se^^l i^-^ €-^*(22a) ^ 

*(22b):Bl-, SO^/^^^S/S^l <^^(B)^ TllolE ^^(14) ^ <^^^ iL#sr>^ 

<29> >y-7l ^^*#(22a, 22b. 22c)^ xifl^sV^s. ^o^^(20) ^<=^] m ^^f^, 

^tfl ^, 7M1^ <?!T^>(chemical mechanical polishing; CMP) ^ 

^ <^1^1«-lj ^^^^ -^M ^^f^(20)^ &^o] "fl^^l-^l >lll 

y^]7]^}c^ ^Bl:E.(23a, 23b. 23c)#^ ^^^tbi=l-. ^7l >iEl:^(23a, 23b, 
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23c)^ ^o]* ^^^^ Jl2}-» <^1^<^1:£. ^m^]^] ^>-¥- ^^(28)31- 

<30> ^7] >iEl = (23a, 23b, 23c) ^ >lll ^91^(20) -^-sl-l-S- ol^<H^ 

^^#(26)^ ^^^tb ^, -i-^^ ^fl^fl^l^i ^IS MIM ^2:^ ?fl2n^lEK33)l: 

^ ^>atbi=1-. nn^]^] ^^(28) ^ ^1-^ ^^(32)^ q-olE 

5l-ol:c(^^) E^Bl-^ 14*^1 S5l-ol = (TiN)^ ^^^*>^, ?fl3ll>«.lBl -R-^^m(30)^ Ta205 

<31> ^7] f][^^]B\(33m^ S.^^ ^12 ^«af^(26) ^oil <5l^o1^ :^13 

(34)^ ^^^tt ^, ^±11^^ ^^-^^ ^13 ^<S#(34)^ ^^^M al^el-^ 
^^^(22b) >::Bl:^(23b), 7ll3l||AlBl ^^(32) ^ ^^7l clt^l 

^^*(22c) vfl^o^ >iBl^(23c)» i^#*>^ ^^*(36a, 36b, 36c)l-^ 

<32> ^^^(36a, 36b, 36c)l-^ i^fl^s^VS^ ^13 ^^#(34) 

, <^l^cfl Ej^i^f^^ #^^*>al, CMP <H1^1«-^ ^^-^S- ;^fl3 ^^^(34)^1 

^^o] v^^^ nfl^7>^l ^1-71 ^12 ^IT^^V*^ S-&|ZL(37a, 37b, 37c)l-^ ^ 

<33> ^7] #elzi(37a, 37b, 37c)# ^ ;^13 €^^^(34) ^<H1 ^13 ^^f'* 

^ ^^o^S. nB\^t}c^ ^7] l-e^li(37a, 37b, 37c)9^- ^#^1- 

^ wlMel-<?l(38a) ^ ;^ll till^-i-(38b, 38c)^ ^^^tlrCf. 
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<34> -a-^tt ^'=>] CUB #2fl^ EDRAM «6^i^<>ll ^^r>^, 

€-^<Hl cflt!: ^Ei:^(23a, 23b, 23c)# ^^^^>:o. o^7loil 

"a^^m ^■%-^}^ 9X^. ttl-Bl-^i, S<H/^^^^/S.3] ^ 

^(B)<^1 ^^^^fe ^^*(36c)^ ^o]^ ?l|2flAlEK33)^ + 7ll3^AlEi ^ 

^(32)^ ^^^1 + ^m^]^] ^^(32)2)- ^11 tifl^(38c) ^o> 

<35> ols). ifiE^ iE-jJE ^^ofl sl^, ^Efls] EDRAM S§ S.^ 

<36> ^ ^vi^^ s.^ s.^ cflwl el4lZLHl-3X) ^^^^ ^dl^tb-^S. 

<37> ^ A]2 S§ rfltil Sl:4iZL5fjl) Sjriitt-^S. ^7}^} 

<38> >^^^ ^ ^i^o^ s-a^^ ^>^^^}7l ^^>c:^ ^ 7llsf|AlEi-^r:-l-ulEe}-ol 

^£^1 ^^Hl ^12 ^^£1^ ^S.^] 7]:^^ 

^7] <i<^ ^ ;^12 ^Hl 7)10] 3 ^o]^ ; ^7] 711 el-*?!-!-* 

71^ ^Hl ^>^^£lJl, ^1-71 ^11 TllolE el-oll-oll ol^^V 7l^ S.^^ }^%^}^ ^ 
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:^^^] ^ -^71 7]]o]^ ^91^ ^ 7]^ 

^ ^^s^ xfl^ofl ^>^^^ s.^^^ ^-^ 

^ #2--1^54- ^^5)^^ ^7] <^^^ ^S^f^ ^11 Bfl^l-; 

:^^^^] h^B. €-mr i^^^ ^^Sli^ -^7] P^jjl <^ 

^ ^<a^; ^ ^7] >112 '^^^ ^<H1 ^^^^ ^12 ^tils:> 

^ ^^^^ ^£^1 ^^1* ^l^tttf. 

<39> ^y] cg^^ ^ o^eflo] <:g^olji, ^l-y] ^l2 <^ ^ , 

^^SlS. *>M-<=>1^. 

^7l »12 wfl>5d^ #-^5. ;*lll ^*^>^ 

1-*^ -1-^ ^ S.^^^ ^7l^^S. ^^5)^ Hlse^-<?l 

<42> ^ H>^^t!: ^^l^^Hl ^*>^. ^ «lS.e1-oi vfl«-o^ ^ 

elZLsq- >^7i «^^o^ ^<g^ >^oi] ^7] HflAija). ^<at!: #0.5. 

€^ 4^1-^ ^^ T^wltVcf. ^V7i sflc^ ^7l ajEe^-oi ^l«^o^ A>ol2,^ 

Cl- ^ A>OlSS. tilee^-O] O. ^^^^ ^-^*>^ 
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<43> ^ ^t^o^ ^^^s>7l ^ ?fl4^1^-1-*acl-al:Eel-ol 

£^1 7l^Sl >^7l ^11 ^ ;^12 <=§^ 7]]o]^ 21-^1-^ ^^1; 711 

<^1S el--?!*^ 7]% ^Hl ^<d#^ ^^^*>^ ^7] ^<^#^ ^^^H ^^1 

aisel-^ >H12 <^^sl 7ll<^lS ^ 7]:^ ^ 

^^^3r>^ ^/^l: ^71 ^:£el^l iiJE. ^^4, wisei-oi ^ 
21 ifl-foil zl-zl- ^e^^s.^ ^^^t}^ ^^1; -^71 7^12 ^^f' -a-*^] z^- ^ 

^ 1^^^ H^^^ ^e^n^q- :^ll HflAis.^ ^^1; ^1-71 

^<^1 ^ ^Me^^l ifl^^i ^BizLsq- ;g#^>£^ 

^fl^^lE-l*^ ^71 fflsflAlEi, ;^ll WflAl ^ ^<g^ ^oll ;^ll f.^V 

^<gnv^ ^>^^^>^ ^^1; ^ ^j-7l ;^12 ;5lll ^Hl ;^12 

<45> o]t}, JE^^ ^S^H ^ ^^^^ ^Al<:^l^ >a-^-11^1 ^t^^>Jl^> 
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<46> ^'^I'^l 1 

<47> £ 2^ ^ ^^5^ ^Alc^lofl CUB 5^-^ EDRAM ^^Hojcf. 

s/s.^ ^^sl^ tivs^l 71:^(100) <^^(102)ol ^7] ^ 

:b <^^(i02)«^1 7]^o] ^E^ti. <^^o.s. ;^^^cv. 

<49> ^7] 71^(100)^ ^ ^eflc:>l <^^(A) ^ ^<H/^^5)S/S^ ^ ^ (B) ^M] TflolM 

-a-^^CiEAl^V^l ^^), Tilols ^^(104), 711 ^3^11 (106) ^ <^^(4i^ 
:i/-B5ll^ <^^, n+/p+ *^^)(£Al^l-;^l ^^)o.s ^^^^ MOS E.^^]^B\^o] ^^^^z]-, 

TllolM ^^(104) ^ H '=>^ 7l]olE >;3iilolA^(i06)^ 

^^s)^ TllolM el-^* ^^^tbi=1-. w>^^*>7im, ^71 TllojE ^^(104)^ 1-^#<^1 £ 
^€ #e1^el^AS. ^^^sli, ^7] TlloiM i3JiioiA-i(io6)^ ^e^^ 

<50> ^J-^]7> Jl^^sl-^oll l4el-. ^iihWl 31^ ^ ^^ofl cfl^V iflA^* 

^^^^sl MOS M?|:^l^iBl7> ja-^El<H^cl-. ole^^V MOS S^^l^Blsi ^ 

^1 ^^(threshold voltage)<Hl ^^ '^g^* ^^^1], MOS ^^^]d^B]o] ^-y-^ 
^ ¥^ (current driving capability)^ ^^\^]^ ^S* #7^^ ^ 

9X^. MOS m^^i^B^si ^^1 th^ie 7flo]E ^o^^ ^ 

^, TllolS ^ol^o^ ^;7ll ^ ^11^ <:g^5l £^ ^S. <^ ^^^Cf. ^el-^i . MOS 

31^ ^€^>7l ^sVc^ -^^o^ 711 ole ^^(104) ^ 7l^ 
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ofl ^el^l-<^]:^(CoSi2). ^slA>o]:E.(NiSi2) ^slA>o]:B(TiSi2) 

^ ^e]A>o]^^(108)ol ^^j^t:^-. H*V. ^e)A>oic ^(108)0] 

SBL^(110)<51 

<5i> ^7] MOS S^^l^Eil-^ S.^^ 71:^(100)^ ^5^-1-^ ^1^^^ 

(112)0] ^A^^rq-. ^7] ^^f^(112)^ ^^^><^ ^7] ^ <^^o] cg^(A)S] Tflols 5]-^ 
#<H1 ^^tb 71:^ s^a^ ic^#*>^ iSel^l iiJE. ^^*(114a) ^ tilse]-<y 

(114b)^, ^7] 3.o]/^^S\S./S.^ <=g^(B)^ TllojE e]-ol ^ 7]:^ ^ 
^ ^^*(114c)<^l ^^^€4. 
<52> .^1-71 ^£51^1 i^JE. ^^*(114a), tilS5l-<?l ^^#(114b) ^ ^^-&(114c)Sl 

1^^^ ^11 <^]^^ ^^^^^s. # ^se];^! i^:^ 

#&|zi(ll6a). wlS5]-«?l l-ein(ll6b) ^ #5.iii(ii6c)S '^7]^'\, 

l-5lii«-(116a, 116b. 116c)3|- ^ej^o.^ ^1 
2^-^ ^ 7l^(100)^s] ^^§>7l ^ 3^^^^ #e1ii(116a. 

116b. 116c)^^ ^1-^<^1 E]Bl-^/E]Bf^ H-olE2].olJB(Ti/TiN)^ ^11 

<53> >a-7l ^<^/^^^S/S.^ «=3^(B)^ ^^^-(112) 'S-'Hl^ ^ ^^*(114c) xfl 

■f-^ #e^ii(ll6c)^ •ar^i^l^CAl). ^^^Iw ^e](Cu)5i|- ^ 

^ ^^^^S. <5|^<^^ ^11 wfl^(122)#<^l 
<54> >^7l ^ cHsflo] «^^(A)^ ^^#(112) ^ ^S.^^] ^^*(114a) ^ 

>iSsl^l i^H. «e^ii(116a)^ ^^(126). -fr^^m(128) ^ 
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^^(130)^5. o]^o]^ 7fls|]A]EKl32)l:Ol ^^^^cf. i3>^3j:8r>7ll^, ^7] ^m^]^] 
(132)^ MIM ^2:3. ^, ^B^^lE-lo^ ^^(126) ^ ^1-^ ^^(130)^ 

^(Pt). ^tfl^(Ru). <^lBl#(Ir) ^^^slZL, -^-^^1^(128)^ 

Ta205, Y2O3, Hf02. Zr02. Nb205, BaTiOg 

SrTiOs^^S. 

7fl3flAlE^(i32). ^11 tifl>Jd(122) ^ ^^#(112) -ar^l-S oj^ol 

^ >lll ^^^(120, 124)0] ^^^^cf. ^7] ;^ll tifl'a(122)^ ^^IS. ^^^^^ 

^-f , ^7] ^11 ^<a^^ ^7] ;^ll afl^(122)S] iiguz]- 5g^s).5]c>] ^A^^ 

;^ll %^a20)s\-, ^7] 71)211^1^1(132), ;^ll wll^(122) ^ ^11 ^(120) ^<^1 <a^^-^ 

^12 *(124)-2.S <^l^«H^Cl-. o]i^, ^ 7fl3|lAlElSl -g-^^ ^cflAl7l7l 

^s^l-o] ^1-71 7fls()AlEKl32)^ ^^(130)21- ;^ll tifl^(i22)3l-2l Afojoi] 

71 ;*lll >112 f^(124)2l «a^^(124a)^ ^^^^ ^ 

^71 ;slll ^^^(120, 124) ^<^]^ ^^^1^, ^^^1^ ^el^q- ^ 

^ ;^13 -^^^-^^ ol^^H^ wl:^ei.oi(i38a). wfl^dssb) ^ ^12 uH^dSSc) 

°1 >^>7l ^ ol5fl°l '=^^(A)<^1^ ^:?]: ^<a^^ ^11 ^ ^12 

f^(120. 124)* €-i-*>^ -^^iCma)!-* ^ wlS2l-ol ^^^(lub) ifl-^^l wis 
^91 l-slii(116b)^ ^71^1 o.^ ^^^1^ wlSel-oi(i38a)# ^ ^S^^^ ^l2 

^^(124)* ^-i-s:>^ €-l^#(134b)* ^7] ?ll5llAlE^ol ^W. ^^(130)31- ^7l2l O.^. 

^#sl^ tifl^(138b)#ol ^A^^cl-. >^7l 3.o]/^y^s\s./S.^ <^^(B)oim # 
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^ ^^^^^ ^-(124)^ ^-^^V^ ^11 til^l-(134c)#^ ^11 
(122)32]- ^7l^o.s. ^^s]^ ;^12 Hfl^(138c)«^l ^^^^cf. 

<57> IE 3a S. 3f^ ^ ^^fi] m ^'^•I'^l'^l ^tb CUB EDRAM 

<58> :£ 3a^ ^Sel^l ii= ^^#(114a), wlSe]-'?! ^^*(114b) ^ 

(114c)* ^^j^>^ S^ltb^-. ^11 *^^(A). ^ € "^^^il- ;*1]2 <^^(B), 

^ ^^^S. tiVH^l 71^(100) ^S-f :t^>^ 

5l(STI)s+ 4i>^>^B^ ^;^ofl o^efl <^^(102)* ^^^tVcf. ZL ^54. ^ 

7] '^^(102)<^1 ^S^^>^ 71^0] oflE^«_ <^^o.^ ^^^^i^f. 

<59> ZLBi cf^, >^7l 71:^(100)31 ^Elti. ^d\] TflojE 'a:2|-^(£Al *>;^1 ^*)* 

^^^tb ^, ^<^1 #Bl^el^#* ^^^t^. ^^^l , <:^l^cil POCI3 

<^l^^*a. -y-^]^ ^71 #2l^el^f^* ji^iES. ^, e]^ 

Ii^l-^ ^^-^S. >^7l #51^51^^^* ^Bl^^H Tflols ^^(104)* 'a-71 
Tll^m ^^(104) ^ 71^(100) ^el^ 'a:s|-#'^l^ ^el€- ^2|-#2l- ^^^^ 

7l^ ^3!-(chemical vapor deposition; CVD) ^, ^7] ^<?1^* 

olttJ-A^ ^^3:>c:^ ^7] TllojE ^^(io4)Sl ^Vofl T^lojE >i3lll 0]^! (106)1- ^^^tb 

Cf. ^1^^*?! *S(1 ^71 7flo]E >iff|]olA-l(106) «a=^fil 71:^ S^oll <^^( 

dti-2.:i/:^5ll^ n+/p+ '^^)(£A1^>;^1 ^^)* ^^^t!:i=l-. ^^S., 

TflojE ;5i^(i04) ^ 4i-$.i/:^ell<a ol^c>l^ MOS ^ ^;^1^e^s.o1 ^^^^cf. 

<60> ojoi^i, >^7l MOS S^:^l>iEll-* i^tb 71:^(100) ^elA>ol:c^ ^^f-^il- 
^-§-^1-^1 <^mcfl SiON* 7l>a- ^^i-dow pressure 

43-15 


1020030014414 #^ 'U^}: 2003/3/24 

chemical vapor deposition; LPCVD) #2j-s:>o^ SBL#^ ^^^^ ^. ^±rL^3J\ 

SBL 3^11 €(110)* ^^Jt!:!^. 
<6i> 7l:&(100) ^1^^>* w]^^ lr^«. ^71 i2.<§# ^e1^^ ^ #el 

^, SBL 3fl€(110)<^l ^sfl i^#£l<H TllolE ^^(104) ^ 3.^^ 

^^^t!:i=f. ^M, SBL 5fl€(ll0)o.^ ^tt1Sl<^ 9X^ TflojE ^/5£^ 7]:^ S^<H1^ 

<62> olsq. ^o] ^e)A>ol^^(108)# ^^^^ ^, ^3l|-#o^ AV^l-S o]^c] 

^ ^^#(112)* ^^^^cf. ^fl cf^, e|4i:3.5l-5z) ^;go.s >a-7l ^^^^(112)* 

i^H e^-frdUa) ^ ^^*(114b)3)-, >a-7l ^<H/^^:^^/S.^ '^^(B)sl 

711 o]E 21-^ ^ 71^^ ^^*(114c)* ^^^tb^. 

<63> i 3b^ S.^^^ #sl^*(116a, 116b, 116c) ^ ^^ll #^ ^^^^^ ;HU f^(120)* 
^^^^>^ S^mcf. ^>7l ^Ssl^l ^En^(ii4a)^ ti]:Eiq-oi ^^^(ii4b) 

^ ^^*(114c)* ^^«^1 T'll^*]-^^ >^7l ^<gf^(112) ^oll ElE^^/ElBl-^ q-o] 

E5l.ol = (Ti/TiN)S. ol^o^^ ^^^(3^A1^>;=^1 ^ ^^^o.^ <5l^<H^ 

^]^^^, ^'Sf'(ii2)2i 
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^] CMP 5E^ "E-^^S. ^7] ^]7^^}<==^ ^7] ^ 

Sel^l i^:^ ^^l-(114a), Hjsei-oi ^in^(n4b) ^ 3.^^(lUc)^ ^Ji\^<^] z^-z^ 

2.^^^ 1-513.*, ^ ise1;<l iiJE. Is1zi(ll6a), wlse)-^ l-&|3(116b) ^ 1- 
&|li(116c)* ^-^^tti^f. 
<64> cf^, ^7] l-&|3l:(116a. 116b, 116c) ^ ^<?lf'(112) -^-^^l -ilrsl-l- 

01^.0^^ -^^i ^<?i^Sl ^(120)^ 

<65> £ 3c^ nil ^(122)* S^IW. Bl^t^el-^ 

^1-71 ^11 ^^^^ ^11 ^-(120)^ 7l]^^(121)l:# ^. 7fl 

^^(121)1:* °ll^^>i^ ^^1-^ ^'^'^l ^el^ ^12 ^^f-^ ^^^W. 

•^l^H^i, CMP ^^<H1 ^«fl -a-7l >1U ^^^^ ^(120)2^ S^ol tt(1^7>;^] 

^71 >5il2 ^^f^^ ^]7]^^S.^, z^-z^^ 711^-^(121)^ vfl^ofl >112 o]^c] 

^ ^11 wfl^(122)l-^ ^^^tlri^. 

<66> cf-g-, ^7] tifl'«d(122) ^ ;^11 ^^^^ ^11 ^-(120) ^^^1 ^11 

f-^ ^^^^ ^12 ^-^^(124a)^ ^^^cf. o]^^ ^ 7llsflAlE-l2l ^ol# 

<67> £ 3d^ 5'1l5fl^l Hi (132)1- ^^i^}^ ^^1* :£Al^i::l.. ^V^tb h>5+ ^^1 

^12 *a^^(124a)^ ^. e^^ZLel-3zl o.^. ^y] 

^Sl ;ill2 f-^l ^^^(124a) ^ ^11 f^(120)* ^^^^H ^fl^^l^l 711^^(125)* ^^^^V 
^. ^7] 7ll3||AlE-] 711^^(125)1- i^tl: ^21-1-21 ^^ofl ul-olEe).ol^(WN). El 

Bf^ M-c>lSBi-ci:B(TiN) -^fil ^^l-^^m 
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^el-^^(Pt). ^efl^(Ru), o]^^(ir) 7ll2flAlE-loi t£ 

^^Mr c^ll- #ol CMP ^ 

^7] m S^^l h:.%m. n^}^] ^^*><^ 7ll3rflAlBl 71)^-?- 

(125)^ vfl-f-<^l^ ?fl4^lB--l ^^(126)* ^^^t!:i=f. 

^l^^i, ^7] 7fl3rflAlEl ^V-f- ^^(126) ^<^1 Ta205, Y2O3, HfO 2, Zr02. Nb205, 
BaTiOs SrTiOs-^S- <^l^c>l^ ^flJ^fl^lBl -R-^^l^(128) ^ ^J^^ e e^ol:^ (TO) , 
ElBl-^ q-olEe)-olc(TiN) 7flsflAlBl ^^(132)^ ^HlS ^^^^}<^ 

fm^]^UlS2m <^]S^ ^<^1 ^ ^11 aflAi(i22)^ ^^ytb ^ 

?fl5|lA]Bl(132)l- ^^j^>7l 7flSllAlBl(132)# ^^js:!-^^!! ^ ^-^o] 1 

tifl^(122)^ ^71^ ^A^aZf <^*j=^ ^iE^ ;^l^£l<^<^> %ty. 

^ ^^Hl<^1^i^ cf^V^ (damascene) *^l-g-«><^ n^e^S. ol^o^^ wfl 

-^(122)* ^^^^m ^-f<^l A] ^> 5^0.14^ <y:^^l^<^li4 ^^^^ ^11 ^ 

^ Hfl^(122)^ ^ 9X-^^ ^«-^*>^. ^-f . tifl^* «1:ul 

*><=^ ^^i7l- ^Bl-^lTll ^rf. ^, ^a-^tb wl-«4 ^o] j£^A^ ^5i^^(n6a, 116b. 
116c)* ^. ^^^1 "yr^^l^^lM- ^^^1^ ^12 

^^^}JL ^±.ZLS]-sf\ ^^jo.^ ^1-71 :42 i^B^^^r>c^ ^^H wfl^(122)* ^ 

^^ttcf. <^l<=H^i, ^7l #5;iZLl-(116a, 116b, 116c). ^'?^f^(112) ^ ^lU tifl 

^(122) ^-Hl ;^ll ^ll #(120)* ^^t}Ji, ZL ^oil ^11 

^12 <a^^(124a)# ^^^tlcf. 13. el cf^, CMP "E-^^S. ^7] /sfll ll^^^^ 
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<70> s. 3e^ ^^*(134a, 134b) ^ c>l^(i34c)* ^^^^V^ ^ 

w]-^ ^^1 7l]iflAlE-l (132)1- ^^^^ ^, ^11 ^'^^^ 42 %■ 

^ q-^^Kl24b)S ^^W. ;^ll wll^(122)3l- ^^<Hl^i ^^^i]<H^ 

^12 Hfl^ A>oloil ^7lls>^ ;^ll ^<?i^^ ^11 ^(120) ^ ^12 ^(124)^^ ^ 

<7i> nei c]-^, e)^ZLe1-3i) ^^^s. '^>7l ;*fli ^^^(120, 124)^ <5^2l-*l-<^ 
wlse^-^ ^^^(114b) iflJ^cq HlEe|-oi i-e^zL(ii6b) ^ ^7] 71]3(|a1e1 
(130)^ zj-z^- i^#3r>^ ^^#l-(134a. 134b) % ^7] A\l ^^{122)%%: 
Al wl<^11.(i34c)#^ ^^^tb^. 

<72> £ 3f^ alsel-^(138a) ^ A2 wfl>5d(138c)* ^^^*>^ SAltlrt:!-. ^ 

y] ^^**(134a. 134b) ^ ^11 til<H-&(134c)l-* ^7] Al ^Sl^ 

(120, 124) ^Hl -^^^a]^, m ^^^*>^. ^ 

7l ^13 seBl^s:><^ wlE 5^.01 (138a), til]Ai(i38b) ^ >ll2 Hfl^(138c) 

<73> ^7] 7^11 u)]Ai(i22)^ "Y-^S. ^i-^, ^7] ^^*-i-(134a, 134b) ^ ^1 

1 til^*(134c)S^ vfl^ofl B^i^-ajc^ #&|ZL# ^^^^^V^ 4i#-q-^>^ 
(single-damascene) ^^.^S. ;^l2 ^s) afl-Jd* ^^^^V^ , ^7] ^^*l-(134a. 
134b) ^ ^11 t3l<>|^(i34c)^ ifl-^<Hl ^el-«l<^ ^^^*>Ji ^i^-c^pI-ai 

(single-damascene) "E-^i^S. ^2 ^e) «fl'd^ ^^^^>^ , ■^'g-^-^V^ 
(dual -damascene) "E-^^S. 1.&|ZL ^ 7«ll2 ^e) wfl^* ^aH] ^a^^].^ wj-ig 
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<74> ^7] wlMe1-^(138a)^ ^S^^^ ^ #(120, 124)^ ^^*>^ €r 

^*(134a)^ -i-^fl ^^^(114b) ^^s] H]Ee^-oi ^&]ii(ii6b)s1- ^71^^ o.^. 

^^^1=1-. -g-^ Bfl^(138b)^ ^11 ^12 ^-(124)^ ^^*>fe 

(134b)^ ^71 ^flsflAlElo^ ^^(130)4 ^712^0.^ ^^^t:!-. ^71 ^12 

tifl^(138c)^ ^11 ^<^^^ ^12 #(124)^ ^-^^l-^ ^11 wlo:|^(l34c)^ ^*fl ^>7l 

^11 n^a22)3!\- ^7]^o^s. ^^^t^. 

<75> afsq- :y-ol ^ ^igo^ ^Al<^loil ^^*(114c)2l a<^l» # 

<^l7l ^tlr ^^^^V^l ^Jl. €-^*(114c)* ii^ ^ 

^*(114a) ^ tilSel-^ ^^*(114b)4 -g-^Hl ^^^^.2.^^, S'>1/^'^5lS/S^ 

«=§^(B)S1 wil^(122)# ^^]<^] «^^(A)^ 7flsflAlE-l(132)sq- ^^^.^S. 

<76> at!:, ^11 Hfl^(122)3z|- ;«il2 tifl^idsgc)^ ^^x\^]7] ^tb ^H* 

(i34c)^ ^o]^ K^m^]^ + -s-^ ^^1 + ^fl^^l^ 

;^ll BflAi _ yfl^o^ ^71])]^ 7l-;?^^^SMl a§ 

^^^^ 7^2] ^^^>7fl 'dr^ ^ ^cf. ^-el-^i, ^^*(114c) ^ 

(i34c)^ ^ -^51*1-1^. 

<77> ^Ajo^l 2 
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<78> s. 4a vfl^] £. 4(1^ ^ ^12 ^^1<^1<^1 CUB ^2:1- EDRAM ^^l^^ 

^^^>7l ^^:£#<^1T^. ^ ^AHloijA-l ^Alofl i6\]A^9\- ^<^4^ 

<79> %i-Ss>^, ^^]^] IS] S. 3a ^ S. 3b<^ S^ltl: 

ii^ ^^*(114a). tilse^-o] ^^^(1145) ^ ^^*(114c)^ 
«H1 z^-z^- iE.^^^ ^ :iiS.sl^l i^S #5lzi(ll6a). 5^.01 l-5]ii(ii6b) ^ 

«&|:i(116c)* ^^^tbcf. 
<80> nei cf^, ^7] #s]zLl:(116a. 116b, 116c) ^ ^^#(112) ^Hl -jOrsj-^ 

^ o]^o]^ ^o^^^ ;Hll f^(120)* #^^^1-31, sl4iZL2l-^ ^sfl -^7] 

^11 ^"^i^^^ ^11 ^-(120)^ ^ wlSBl-«?l ^^^(ii4b) ifl-^Sl 

#eizL(ll6b)» ^11 7fl^-^(121a) ^ ^11 wfl^o] ^^^^l^^^ ^12 7fl^^ 

(121b)# 

<8i> >^7l ^11 ^ >5ll2 7fl^-^(121a. 121b)#^ nfl^^]-£^ ^3^^^ ^^^] 

^12 ^H^i, CMP ^^<^1 >lll f^:?> ^^^2] f^(120) 

^ S^o] i^^^ tifl^/l-^l >^7l ^12 ^^f^* ^7] :4l 7fl^-^(121a) ^ 

^12 7fl^^(121b)S^ ifl^^ofl z^-z]- 5fl^(i22a) ^ tifl^(122b)l-^ ^^^W 

<82> ^7] 5ifl:^(122a)^ tilMe)-<?l ^io]* ^}xj^ ^ ^ 

£E]^1 i^:^ e^*(114a):n|.^ n>^oil o^tfl 7>>ola.(s2)7> ^^^^q-. W>#3l^l-7ll 

^. 'yr^^'y ^i*^ ^7l 3^:=(122a)^ a]-o1^(s2)» h *>^^ tije 

el-tl ^^■&(114b)Sl A>ol^(si):SLt:f 3711 ^t]-, 
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S 4b# ^S^V^, ^^t!: ^<^1 ^JE.(122a) ^ tiB^(l22b)* 

^^^^ ^, ^^-^^ ^11 ^^^^ ^12 'a-^^(124a)# ^] 

<5lcH'^i, Bl^rZiH^ -g-^^S ;Hll ^^^^ ^12 '^-^^(1243) ^ 

>«ill #(120)# ^^^M ^fl^^l^i 7fl^^(125)» ^^^^>Jl. -^^1<^1 14 
^V-?- ^^(126), -^^^m(128) ^ ^^(130)^5. ^^^^ 7fl34lAlEKl32)-i-# 

tbcf. olnfl, 9m^]^Hl32)% ^^^^-^n ^ cf^o] ^7] wfl^(122b)S] 

^ ^Alo^loflA]^ t:f^l-^( damascene) ol-§-^l-«=^ i^^l^ '^l^^^l^ ^B. 

(122a) ^ ;^ll til|Al(i22b)^ ^^j*>^ ^-f<Hl tfl€fl <:^lA]^>5|o.u|.^ .^^ul^om 

^^^S. ^7] 2|l^(i22a) ^ ^11 Bfl^(122b)* ^^^^ ^ 9X^-^ ^ 

Bfl^Vcf. ^. ^^t!: w>4 ^<^1 #s1^*(116a. 116b, 116c)^l ^^^^ ^41"^ 

^^ofl ^^Pl^om -gr^Tni:^ ^12 ^^^^ ^;^o. 

S. >^1-7l >112 2flBl^s:H ^'S 3fl^(122a) ^ tifl^(122b)^ ^^^t!"^. 

^€ cf^, #eiZL*(ll6a, 116b, 116c), ^<^f^(112), 3ill^(i22a) ^ 

^11 «ll^(122b) ^11 ^<?!^^ ^11 #(120)* ^2}-*>Jl, ^ ^'^l ^11 ^ 

^ ^'^n^ m ^^^(124a)* #^^4. ^l^^fl^i, CMP "S-^^S. ^7] 

^<^n^ ^^^^ ^, nn^]^] 

i 4c# ^S^V^, 711 2fl ^1^1 (132)1-0] ^^^^ ^41-2] ^^ofl >5lll f^:^ ^<?^B]-o) 
^12 f^fi] q-i^:^l(124b)# ^^i-tl-cl-. ^11 afl^(i22)4 ^^-^l^i 
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^12 Hfl-^ ^\o]o]] ^7fl^>^ ;^ll ^<a^^ ^11 ^(120) ^ ;^12 *(124) 

<87> ZL^ t]-^^ ^±=LS^^ ^^^S. ^7] #:?V ^^^(120, 124)^ ^4*H ^7] 

3ll^(i22a) ^ ^m^]^] ^^(130)^ ii#«>^ ^^*-i:(134a. 134b) ^ 

^11 tifl^(122b)*^ ^11 til<H^(134c)*^ ^^^^Vcf. 

<88> s. 4d» ^^i^V'S, ^7] ^^*^(134a. 134b) ^ «lo1*(134c)*^ ^fl^^>£. 

^ ^^-71 ;«fll ^'?!^-(l20, 124) -^^T^i-^, -a:^!^!^ ^elsq- 
^13 ^^f^^ ^^^^>^. ^7] m ^^f-^ 5flEi^^>c>^ «l:^e^-"y(138a), wfl^ 
(138b) ^ ;^12 wfl^(i38c)* ^^^W. 

<89> ;^ll Hfl-tl(122)^ ^S^S ^-f. ^^MCma. 134b) ^ ^1 

1 wl«H*(134c)«5l xfl^ofl ^^^-Hlo^ #&|ZL1- ^^^^Vjl >a#-cl-n>>0 
(single-damascene) "S-^^S. ^e) a)]^^ ^^^^V^ , ^V] ^^-&*(134a. 
134b) ^ ^11 Hlo1^(i34c)cq tflw.oil ^el-Hjo] ^s]^^ ^^^^Vji ^i#-cfp>^ 
(single-damascene) ^^©.S. ^12 ^e^l tifl^^ ^^^^V^ , -^'^-^-^V-a 
(dual -damascene) ^^-^S t^sI-^H ^ ;til2 ^e) ti]]^^ -^Ajofl ^>^^^>^ 

<90> «l:Ee^oi(i38a)^ ^^^5] >^il2 ^(124)* ^^^V^ ^^*(134a)^ 

^«fl ^71 5||:=(i22a)5q- ^7]^o_S. ^7] «l|^(138b)^ 

;^12 ^(124)^ ^^^}^ ^^#(134b)^ -f-^fl ^7] a] ^h. ^#(130) 
31- ^7]^ ^^^t^-. ^7] >112 tifl^(i38c)^ ^11 ^'^^^ ^12 #(124)* 

^^^V^ wH*(134c)* ^7l ;*ill tifl^(122b)2l- ^7]^ o.^ 
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<9i> taj-si]. ^o] ^ ^tgo^ ^12 ^Ajc^loil o^sr>^. aflAl(i22b)4 ^<at!: 

f^^S tilMe^-oj ^iflo]] cfltt €^ sfl^S tilsel-<?l ^«^](134a)^ ?2^l7> 

^11 til<H*(134c)^ ^<^>^4. HlSe)-^ ^^(134a)2l a>o1^^ ^ 

?B3l]AlE-l ^^(130)4^ ^^ n>^^ #7H^ ^ o;icf. 

<92> >^i-^t!r tiV^ ^ ^^<^1 ^^V^, ^^^^V^l ^Ji 3.<^/^ 

<93> al-^q- ^o], ^ ^Vt^o] ia>^3)^ €^H11- ^S*V<^ -i^^V^l^m 

^o>o^ "^^^y^^ ^}7]^ ^^ ^^oii 7]^m ^ ^k^- ^ '^^.^ 
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11 

7ll3JflAlB:l-<yi:-l-«]EBl.o1 :^^]6\] oJo^Ai , 

^^^^^ TflojM Bl-"elS; 

:^]2 7\]o]^ ^ ^^^l"^ ^^f^; 

^11 

^7l ^12 <i^^ ^11 ^<?!b]- >a-<^l ^A^^ Bfl^l-^ ^wl«^>^ 

21 

^ll*J-<Hl ^11 -^^^^ € ^2il<5l '^^<^1JI, 'S-^l ^12 "^^^ sol 

, ^^^s s.^! o^i^ ^v^^ ^£^1 ^^1. 

43-25 


1020030014414 ^^>: 2003/3/24 
3] 

4] 

^ll*J-<Hl ^<H^i. ^12 n^^^ m ^^^^ ^11 «1 

^li*J"^l SZ'H^i, ^y] ^11 '^^^ ^11 ^<^1 ^71 ;^12 wfl^^l- ^ 
I^^^J- 6] 

^ll^Hl ^^^i. ^^7l ^11 ^<?mi-^ >S-7l ^11 wfl^^ ^1^4 ^^^5]^ 

^^^^ m 7fl3nAlE^, ^11 tifl/^ ^ ;Hll # o^^^^S. ^^j^ ^] 

I^^^^J- 7] 
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4l^M 9X'^^^, A ^-^^ ^^"i ^7] ;^li 

<^c^^ ^c^%. >a-ofl >fll ^^tb ^^^^ afljBl:^ ^til 

[^^■^J- 91 
(^^■^ 10] 

^18*J-<^1 SA^^i. ;^ll <^^^ ^11 ^12 ^ 

[^^■sj- 11] 

#€:>^ ^Sel;^l % tijEe^-oi ^^^^.^ii. ^V7l ^12 <^^2] TflojE e^-ois. 
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^7] ;^ll <^^^ ^<^%- ^c>\] ^^^7] h^B. xfl-^s] ^einsf ^ 

Til 

12] 

^. S^l '^'^ <H:i^ ^* ^£^1 ^^1^ 

[^^^J- 13] 

^]11^<^1 9X'^^^, ^7] 7fl3flAlE-l^ MIM ^SS. ^^^sl-^ ^^i-^S. 
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141 

^]11%H1 9X^^^, ^7] ^12 tiflAls-o. ^A^^y^ ^o]] ^7] 

15] 

ofl^i z^- al^e^-oi v^«.o^ 

WlSe1-«?l^ ^7] Z]- tilEg^ol xfl«.o^ =g^^ 

16] 

;^lll*J-oll ^<H^i. ^7l ;Hll tifl^*^ ^^m^ ^^1^, 

>^i-7l :£^>g #slii ^ ^<af^ ^11 ^<a^si ^^>§>^ ^^1; 

^71 ;^li f-^ ^^^^ >a-7l ^11 ^4*H 7fl^:^l- ^^^*>fe ^^1; 

^«>^ ^^1 ; ^ 

^^71 7^11 1 f-^ ^<a^^ ;*lll f-fi] S.'^c] ^^7>^1 ^7l ^^f-^ :^]7] 
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[^^^J- 17] 

^116-%H1 9X^^^, ^7] 7fl5e^lBll-^ ^^1 ^7] ^11 tifl^ ^ 

^11 "^9^^^ m %■ ^'Hl A]l ^^^^ ^12 'a^^^ ^^^\^ ^ 

^71 ^11 ^<d^^ ^7] ^fl^AlE-ll- 3L^tb ^41-^ 

«11 ^11 ^^7l ^12 ^^i-s^V^ 

[^^■sj- 18] 

Aii^^<^] Si<>1^i, ^7i ^11 wH^«^ ^^^s^m ^^1^. 
^7l ^^^^ ^ ^<g# ^Hl #^^^1-^ ^:^]; 

^^7i ^^^^ ^Bi^^H ^11 tifl^a*^ ^^^^>^ ^^1; ^ 

19] 

^^■71 Al ^'S^^ %■ ^Hl >a-7l f-^ ^12 ^-^ 
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^1-71 ;^ll ^<^e]-^ ^^^sV^ ^TfloilA-l ^7] €^ 

[^^^J- 201 

;^111%H1 9X<^^^, ^7] ^11 tifl^#^ ^^m^ ^^l<^l^i. ^7] ^11 <^^^ ^ 

9^%^ ^Hl 4 wlss|-<y ^#*>£^ ^fl^i:^ ^^a] 

[^^Ih 21] 
221 

^I20*j-on ^7l >?fl2 ^^1 ^7] >lll 

^7l ^12 tifl^l-* ^^^*>^ ^Tjlofl^i >a-7l 4 
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VS. 3e] 
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